A radioimmunoassay was developed for a constituent of the purified-protein derivative obtained from cultures of Mycobacterium tuberculosis. Crossreacting immunoreactive material was detected in cultures of other mycobacterial species, but no immunoreactivity was present in cultures of various fungal and bacterial species. The development of specific radioimmunoassays for tuberculoproteins offers a new research and diagnostic approach. The remarkable therapeutic advances of the past two decades have allowed physicians to treat tuberculosis in a fashion similar to treatments of other bacterial infections. Nevertheless, tuberculosis is still a major world health problem. The disease is common even in the Western world, which is currently believed to be on the downslope of the epidemic cycle. In 1976 more than 32,000 new cases were reported in the United States. The requirement for isolation and culture of mycobacteria from relatively inaccessible organs, coupled with the slow multiplication rate of the tubercle bacillus, presents a problem for rapid diagnosis. In this report we describe a radioimmunoassay for a specific protein that is synthesized and secreted by actively growing mycobacteria. This method can be applied to various problems regarding the growth of mycobacteria.
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MATERIALS AND METHODS Purified Protein Derivative (PPD). Tuberculin purified protein derivative (PPD-CT68) was donated by Connaught Laboratories Limited, Toronto, Ontario, Canada, through the courtesy of S. Landi.
Preparation of Antiserum. Six guinea pigs received a subcutaneous injection of about 1 mg of PPD that had been coupled to guinea pig albumin by carbodiimide (1) and emulsified in Freund's complete adjuvant. The guinea pigs were bled 2 weeks after immunization. Two of the six guinea pigs (GP4 and GP5) had circulating antibodies that bound '25I-labeled PPD (125I-PPD). Two weeks after a second injection, the antibody titers were unchanged in GP4 and GP5. None of the other animals developed significant antibody titers. The antiserum used in these studies was GP5-1-26.
Iodination of PPD. PPD-CT68 was dissolved in 0.25 M phosphate buffer (pH 7.5) at a concentration of 3.5 mg/ml. Iodination was done by using the minor modification of the chloramine-T technique employed in our laboratory (2) autoclaved at 121'C for 1 hr and were stored frozen until assayed. Sputum samples from patients with pulmonary disease that failed to demonstrate acid-fast bacilli on Ziehl-Neelsen stained smears were decontaminated by a 15-min exposure to 1 vol of an aqueous solution containing N-acetyl-L-cysteine, 4% (wt/vol) NaOH, and 2.9% (wt/vol) Na citrate (4) and were cultured aerobically at 350C in Middlebrook 7H9 medium. Portions of the cultures were sampled between 2 and 6 wk, autoclaved as described above, and coded in the mycobacterAbbreviation: PPD, purified protein derivative. 4301 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
4302 Medical Sciences: Straus and Wu iology laboratory prior to assay. Aliquots of the decontaminated sputa were cultured on Lowenstein-Jensen and ATS media (Difco). RESULTS During iodination, greater than 75% of the 125I was incorporated into protein. The Sephadex G-75 eluates contained several peaks of iodinated material (Fig. 1) , reflecting the heterogeneity of PPD-CT68. Labeled PPD that can bind to antibody is found in void volume eluates as well as in eluates corresponding to the major peak of radioactivity. The void volume immunoreactivity has been used for radioimmunoassay (5) but generally has proved to be too unstable to provide suitable labeled antigen. It had the further disadvantage that precipitation with an anti-guinea pig globulin was used to separate free from bound labeled antigen because the void volume radioactivity was not adsorbed on charcoal. Fraction 29 (Fig. 1) , on the descending limb of the major peak of radioactivity, had a bound/free ratio of 0.940 when incubated overnight in a 1:2000 dilution of the antiserum. 125I-PPD produced by this method maintained its immunoreactivity for 8-12 wk.
A typical standard curve using fraction 29 as the labeled antigen is shown in Fig. 2 . The limit of detection (#S5 ng/ml) and the concentration required to produce half-maximal depression of the bound/free ratio (r25 ng/ml) were the same for autoclaved and unautoclaved PPD. The immunoreactivity in successive dilutions of autoclaved Middlebrook 7H9 medium containing M. tuberculosis was superposable on this standard curve.
Fractionation of M. tuberculosis culture media (Fig. 3) immunoreactivity is a measure of the number of organisms. The absence of detectable immunoreactivity in these 6-day cultures of the more rapidly growing M. fortuitum suggests that the material detected in cultures of sputum from patient 13 after 6 wk of growth is only weakly crossreactive.
DISCUSSION
Species-specific bacterial secretory products that are known to be potent toxins are generally well characterized (6) . Speciesand strain-specific mycobacterial products also are well known (7) . It is quite likely that all metabolically active bacteria secrete nontoxic species and strain-specific products. However, the primary identification of such materials is not commonly exploited as a diagnostic method. The development of a radioimmunoassay for a mycobacterial secretory product presents the possibility for a new research and diagnostic approach. PPD-CT68 was prepared from culture filtrates of M. tuberculosis var. hominis, Johnson strain, by precipitation with trichloroacetic acid (8) . Tuberculin PPD preparations are known to consist of a wide range of tuberculoproteins of different molecular weights (9) . After iodination, partial purification of 125I-PPD on Sephadex G-75 yielded a highly immunoreactive fraction that maintained its reactivity for 8-12 wk. That the final product is not homogeneous is evidenced by our observation that doubling the antibody concentration did not result in doubling the bound/free ratio. Nevertheless, the Sephadex gel chromatographic characteristics of the final 125I-PPD and that of the immunoreactive material identified in culture media are consistent with a 24,000-dalton peptide which corresponds to the major fraction of PPD-CT68. The concentration of immunoreactive material detected in culture media is expressed in terms of the protein concentration of a standard that is known to be impure; therefore, the true concentrations are lower than those shown.
The data presented here suggest that the immunoreactive material being detected is quite specific for mycobacteria. Although material derived from M. tuberculosis appears to react most strongly, there is some crossreactivity with other mycobacterial species. Immunoreactive material was detected in culture media of all mycobacterial species studied. No immunoreactivity was detected in culture media from diverse bacterial and fungal species. The accumulation of immunoreactive material in cultures of M. tuberculosis appears to be proportional to the numbers of organisms, because the immunoreactivity had a doubling time of approximately 24 hr-the same as the usual doubling time for the mycobacteria (10). The gel filtration characteristics and immunologic specificity of the material measured in this assay resemble those of the recently purified M. tuberculosis antigen 5 (11) . The crossreactivity observed with this assay is not surprising because the amino acid composition of tuberculoproteins from various mycobacterial species has been found to be similar (12) . This pattern of crossreactivity seems favorable because it allows the identification of mycobacterial disease caused by various species. The efficacy of the method also can be enhanced by working with contaminated specimens containing greater numbers of mycobacteria. The availability of tuberculoprotein derived from other species offers the possibility of developing additional assays for greater diagnostic specificity.
The obvious need for more rapid methods for the diagnosis of tuberculosis continues to stimulate new approaches (13) . Advantages of the radioimmunoassay approach are increased sensitivity, the safety of working with autoclaved, noninfectious material, and the ability to analyze multiple samples rapidly and at low cost.
